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ABSTRACT 


The  second  GEODSS  telescope  has  an  improved  drive  system  consisting  of 
a single  DC  drive  motor  on  each  axis.  This  arrangement  should  provide  a 
stable  and  reliable  drive  system  for  the  telescope,  which  is  driven  by 
incremental  encoders.  Measurements  on  the  response  of  the  telescope  to 
computer  commanded  rates  were  therefore  taken.  These  measurements  were 
made  via  two  computer  programs;  one  sends  rate  commands  to  the  telescope, 
and  the  other  monitors  the  resulting  positions  of  the  telescope.  The  results 
of  these  measurements  show  that  this  telescope  responds  very  accurately  to 
rate  commands  over  the  range  of  most  interest  to  us : + 400  arc  seconds  per 

second.  Data  is  also  presented  on  the  performance  of  the  telescope  with  the 
Real-Time  System.  Specifically,  the  step  and  settle  time  of  the  telescope 
over  a 3.7  degree  field  is  examined.  That  field  corresponds  to  the  overlapped 
full  field  on  the  14  inch  telescope.  A very  satisfactory  step  and  settle 
time  of  approximately  2 seconds  has  been  achieved  by  the  telescope  for  that 
case. 
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INTRODUCTION 


The  reliable  performance  of  the  GEODSS  telescope  in  response  to  computer 
generated  rate  commands  is  important.  That  is,  the  mount  should  travel  at  or 
near  to  the  commanded  rate  and  should  not  deviate  significantly  from  it. 
Measurements  of  these  responses  were  therefore  made.  The  discussion  of  the 
method  of  measurement  and  of  the  data,  which  appears  in  Tables  I and  II, 
comprises  the  Sections  I and  II. 

A further  performance  measure  of  the  telescope  mount  is  its  ability 
to  make  a smooth  transition  between  the  rapid  or  *slew’  rate  and  the  slower 
(0  - 200  arc  seconds  per  second)  rates  of  telescope  travel.  Such  a test  is 
readily  available  in  the  GEODSS  Real-Time  System  software.  The  performance 
of  the  mount  in  this  case  is  therefore  discussed  in  Sections  III  and  IV,  and 
data  on  the  Real-Time  System  performance  of  the  telescope  is  presented  in 
Table  III. 
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I,  THE  METHOD  OF  TELESCOPE  RATE  MEASUREMENT 


These  measurements  were  taken  at  rates  of  0 to  AOO  arc  seconds  per 
second  by  two  concurrently  running  computer  programs.  One  program  sends  out 
rates  to  the  telescope,  and  the  other  monitors  the  position  of  the  telescope 
20  times  a second.  All  data  was  taken  with  the  programs  running  on  a stand- 
alone basis  in  the  MODCOMP  IV  computer  so  as  to  avoid  the  possibility  of  errors 
in  the  timing  of  the  measurements.  The  data  was  taken  in  September  1977. 

The  binary  command  code  for  the  null  or  stopped  rate  of  the  telescope  and 
the  rate  maxima  on  both  axes  were  dynamically  determined  by  the  program  to 
insure  the  precision  of  the  rate  calculations.  The  rates  are  linearly  spaced 
between  the  null  rate  and  the  rate  maxima.  The  null  rate  code  and  the  maximum 
rates  can  vary  due  to  temperature,  telescope  balance  and  the  current  number  of 
cameras  and  auxiliary  telescopes  that  must  be  driven  by  the  mount.  Dynamic 
determination  of  these  quantities  controls  for  these  factors.  In  any  case, 
the  null  rate  code  and  the  rate  maxima  are  reasonably  stable  for  this 
telescope. 

The  telescope  was  then  commanded  to  travel  at  rates  from  0 to  AOO  arc 
seconds  per  second  in  steps  of  25  arc  seconds  per  second,  beginning  with  25 
arc  seconds  per  second.  The  telescope  was  commanded  to  remain  at  each  rate 
for  10  seconds. 

Initially,  the  telescope  was  positioned  at  the  zenith.  It  next 
traveled  in  the  north  and  east  directions  because  the  positive  rates  were 
tested  first.  When  the  signs  of  the  rates  were  reversed,  the  telescope  re- 
turned roughly  to  the  zenith.  Both  axes  were  driven  simultaneously  during 
the  entire  experiment. 
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These  measurements  were  therefore  principally  taken  in  the  north  and  in 
the  east.  They  cover  elevations  ranging  from  20  to  90  degrees.  As  data  on 
both  directions  on  each  axis  shows  the  same  behavior,  the  elevation  angle 
is  clearly  not  a significant  factor  in  the  mount  performance  of  this 
telescope. 

The  telescope  positions  were  then  differenced  at  intervals  of  one 

second.  The  first  second  of  data  was  discarded  so  as  to  exclude  the  effect 

of  acceleration.  Because  the  telescope  accelerates  at  a rate  in  the 

2 

vicinity  of  .5  degree  per  second  , discarding  one  second  of  data  should 
completely  eliminate  the  effect  of  a rate  increase  of  25  arc  seconds  per 
second. 

The  remaining  nine  rates  were  then  averaged  so  as  to  determine  the 
effective  telescope  rate  over  the  interval.  The  standard  deviation  of  the 
rates  was  also  computed  to  provide  a measure  of  the  typical  error  in  the 
rates.  This  deviation  is  of  interest  because  the  computer  must  maintain 
as  nearly  constant  a rate  of  the  telescope  as  possible. 
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II.  EXPLANATION  OF  THE  TABLES  OF  RATE  MEASUREMENTS 


The  rate  measurement  data  is  presented  in  two  tables.  The  first  table 
shows  a summary  of  the  results  obtained.  The  'mean  rate'  is  the  average  of  the 
9 rates  obtained  at  each  commanded  rate;  the  nine  rates  were  in  turn  computed 
by  the  differencing  of  9 seconds  of  data.  The  'error'  is  the  difference  between 
the  mean  telescope  rate  and  the  commanded  rate. 

Table  II  provides  greater  detail.  The  nine  rates  are  tabulated,  and 
the  standard  deviation,  the  mean  rate  and  the  rate  deviation  are  also 
printed.  The  'rate  deviation'  is  the  difference  between  the  mean  telescope 
rate  and  the  commanded  rate. 
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Ill-  TELESCOPE  STEP  AND  SETTLE  TIMES 


One  important  measure  of  the  effectiveness  of  the  telescope  drive 
system  for  this  application  is  the  step  and  settle  time  of  the  telescope. 

The  minimizing  of  that  time  allows  for  significantly  Improved  scan  coverage 
rates.  Because  the  GEODSS  project  has  as  a major  task  the  autonomous 
search  for  satellites,  minimizing  telescope  travel  times  between  fields  of 
view  of  the  telescope  during  such  searches  is  important. 

Equatorial  scans  are  used  to  locate  synchronous  or  near  synchronous 
satellites.  In  order  to  effectively  cover  the  entire  equatorial  belt, 
a wide  field  of  view  of  the  telescope  coupled  with  minimum  step  and  settle 
times  of  the  mount  is  needed.  Therefore,  for  equatorial  searches,  some 
sensitivity  may  be  sacrificed  for  speed.  That  is,  the  14  inch  camera  may  be 
u5;ed  in  place  of  the  31  inch  one.  The  14  inch  camera  has  a 7 degree  diagonal 
field  of  view. 

From  the  standpoint  of  the  computer,  use  of  the  14  inch  telescope  means 
that  the  telescope  mount  must  be  driven  3 to  4 degrees  between  fields  of  view 
instead  of  one  degree  as  with  the  31  inch  telescope.  The  amount  of  overlap  and 
the  rectangular  shape  of  the  field  of  view  are  the  reason  that  the  range 
of  3 to  4 degrees  is  specified. 

The  use  of  a single  DC  motor  to  drive  each  axis  of  the  mount  allows  for  a 
smooth  transition  between  rapid  telescope  travel  - that  is,  rates  of  4 degrees 
p€!r  second  - and  the  slower  rates.  This  smooth  transition  permits  the  use  of 
rapid  telescope  travel  between  scan  fields  of  view  when  the  distance  to  be 
traveled  exceeds  one  degree. 
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The  4 degree  per  second  rate  is  consequently  used  to  cover  the  majority 
of  the  distance  between  successive  fields  of  view  for  the  14  inch  telescope 
scans.  Once  the  telescope  is  reasonably  close  to  the  target  location,  the 
slower  rates  are  used  so  that  the  telescope  will  not  overshoot.  With  this 
arrangement,  a step  and  settle  time  of  approximately  2 seconds  is  achieved 
by  the  telescope  when  traveling  over  a 3.7  degree  distance;  a 5-6  second 
travel  time  is  obtained  over  a 15  degree  distance.  The  15  degree  distance 
is  the  total  distance  in  declination  that  the  telescope  must  travel  to  cover 
the  equatorial  belt.  There  is  no  overshoot  of  the  telescope  in  either  case. 

Table  III  contains  data  on  the  telescope  performance  of  an  equatorial 
scan  pattern  requiring  the  travel  of  the  telescope  over  3.7  and  15  degree 
fields. 
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IV.  EXPLANATION  OF  SCAN  PATTERN  DATA 


Table  III  contains  the  time  and  telescope  position  in  right  ascension  and 
declination  for  two  scan  lines  in  an  equatorial  scan.  Travel  along  the  line 
consists  of  maintaining  a fixed  position  in  right  ascension  and  stepping  3.7 
degrees  in  declination  between  successive  fields  of  view.  The  stare  time  is 
approximately  11-12  seconds  for  this  case.  In  the  table,  redundant  telescope 
positions  are  not  entered  separately  when  the  telescope  is  stopped  for  the 
lL-12  seconds  of  stare  time  in  which  the  operator  and  the  MTI  devices  search 
for  satellites. 

The  line  length  of  the  scan  was  specified  as  15  degrees  in  declination. 

The  program  controlling  the  scan  currently  returns  to  the  beginning  of  the  line 
wlien  one  has  finished.  Thus,  when  the  telescope  moves  to  the  next  line,  the 
step/settle  time  increases  due  to  the  greater  distance  the  mount  must  travel. 

It  should  be  noted  that  the  right  ascension  position  changes  slightly 
between  steps  along  the  declination  axis.  This  motion  is  partly  caused  by  the 
tolerance  set  for  the  purpose  of  minimizing  telescope  travel  time;  the 
telescope  will  attempt  to  complete  its  travel  if  it  did  not  do  so  on  the 
last  cycle.  Also,  this  scan  was  specified  about  a fixed  azimuth  and  elevation 
rather  than  a right  ascension  and  declination.  Thus,  as  time  progresses,  the 
right  ascension  will  change  slowly.  This  change  in  right  ascension  is,  however, 
not  sufficient  to  interfere  with  the  overlapping  of  successive  fields  of  view. 

One  final  phenomenon  should  be  noted.  In  order  to  allow  the  same 
software  to  run  on  both  telescopes,  rapid  travel  on  one  axis  disallows  slow 
movement  on  the  other  axis.  This  arrangement  reflects  the  multiple  motors 
in  the  first  telescope  drive  system.  The  effect  of  this  restriction  may  be 
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seen  in  the  initially  stationary  right  ascension  position  when  the  declination 
axis  begins  moving  very  rapidly.  The  right  ascension  axis  then  moves  slowly 
once  the  declination  axis  reduces  its  speed.  If  this  restriction  were  not 
in  force,  the  right  ascension  axis  would  have  begun  moving  at  the  same  time 
as  the  declination  one. 
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V.  CONCLUSIONS 


The  telescope  rate  measurement  data  shows  that  the  error  in  the  mean  rate 
seldom  exceeds  two  arc  seconds  per  second  and  frequently  is  zero.  A very 
good  response  to  rate  commands  is  therefore  produced  by  this  telescope, 
especially  considering  that  there  is  a 1.5  arc  second  per  second  granularity 
in  the  rates  that  the  computer  may  send  out  to  the  telescope. 

The  standard  deviation  of  the  rates  obtained  varies  between  0 and  7 arc 
seconds  per  second.  These  deviations  indicate  the  need  for  the  software  to 
monitor  the  telescope  frequently  so  as  to  reduce  their  size.  This  is,  how- 
ever, an  expected  phenomenon,  and  the  variations  are  within  a reasonable  range. 

The  measurements  on  the  second  telescope  rates  therefore  indicate  that 
the  mount  is  responding  accurately  to  rate  commands  in  the  region  of  prime 
interest  to  us:  + 400  arc  seconds  per  second. 

Further,  the  achievement  of  a two  second  telescope  step  and  settle  time 
over  a 3.7  degree  field  of  view  indicates  that  the  single  motor  drive  system 
provides  effective  performance  of  the  mount  at  a combination  of  fast  and 
slow  rates. 


9 


TABLE  I 


TELESCOPE  RESPONSE  TO  RIGHT  ASCENSION  RATE  COMMANDS 
COMMANDED  VS  ACTUAL  RATES 
UNITS  ARE  ARC  SECONDS/SECOND 


HATf 

OAT  A 

fc  RHUH 

-4110 

-3bC . 3 

1.7 

-67b 

-373.3 

1.7 

-dr-0 

-3Ad.3 

1.7 

-6i;b 

-6?.A,b 

1.7 

-6CU 

-^90. 3 

1.7 

-?.7b 

-273.3 

1.7 

-24b. 3 

1.7 

-d?b 

-223.4 

l.b 

-190.3 

1.7 

-17b 

-173.3 

1 . / 

-If  0 

-150.0 

0 . 0 

-i?b 

-12b. U 

-0.0 

-iCU 

-loo.u 

0.0 

-7b 

-7b.  0 

-0.0 

-bO 

-bO  . 0 

0.0 

-?b 

-2b.  0 

-0.0 

2b . 0 

0 . 0 

bO 

50. 0 

0.0 

7b 

7b. fa 

l.fa 

lOU 

101.7 

i.y 

l;>b 

12b.  0 

0 . 0 

150 

150 . 0 

o 

• 

O 

1 

175 

17b.  0 

0.0 

200.0 

-0  . c 

2'^b 

22b. 0 

-0.0 

2b0 

24b  .3 

-1.7 

27b 

27b. 0 

0 . 0 

300 

3 0 0.0 

-0.0 

3k5 

323 . 3 

-1.7 

350 

350.0 

0.0 

37b 

373.3 

-1.7 

HOO 

400.0 

-0.0 
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TABLE  I (Continued) 


KAIL 

0 A 1 /a 

LkkUH 

- •+  li  Ll 

-3y  / . 3 

2.7 

-37S 

-372.0 

3.0 

-350 

-34d. 0 

2.0 

-3i^>5 

-323 . 3 

1.7 

-300 

-2yo.  1 

1.3 

-^7b 

-27£i.  7 

2.3 

-^50 

-24  /.b 

2.7 

-22b 

-22H  . 0 

1 . 0 

-2  0 0 

-iyo.7 

1.3 

-17b 

-173.3 

1.7 

-150 

-lAb. 0 

2.0 

-125 

-122.7 

2.3 

-ICO 

-yy . 3 

0.7 

-75 

-74 . 0 

1.0 

-50 

-40.7 

1.3 

-25 

— 23.3 

1.7 

25 

24.7 

— 0.3 

bO 

4 y . 3 

-0.7 

7b 

74.7 

-0.3 

ino 

ICO  . 0 

-0.0 

12b 

125.3 

0.3 

150 

150 . 7 

0.7 

175 

1 7b.U 

1 . 0 

2 1!  G 

lyy  .3 

-0.7 

225 

22.5. 3 

0 . 3 

250 

250.0 

o 

• 

o 

‘275 

275.3 

0.3 

300 

300.7 

0.7 

325 

326.0 

1.0 

35  0 

350  . 1 

0.7 

37b 

374  . ? 

-0.3 

*+00 

400.0 

-0 . 0 
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TABLE  II 

.TELESCOPE  RESPONSE  TO  RATE  COMMANDS 


C0h''i/'NL)£0  RArt=  -mJU 
ASCEi'JSl  0l\l  Data 
iltA^  KATE  =-496, 3 
hatk  •.:)l»/iatiu(\i=  1.7 

bit*  DFv=  7.4 
HfGHT  ASCrNJSiriM  KATE 4 
-404.9 

- i69.9 
-390.0 
-405,0 
-405.3 
-369.7 

- 4 0 5 . 0 
-390 .11 
-404,9 

CO■'‘l^A^  •'■'to  PATt  = 

KTbHT  /'’.SCtLlvSlcW  CA  r a 
^EAlv  kATE  = -4?3,3 
HATt  i>£Vl/’TIOr^i=  1,7 
SU.  UEV=  9,7 
KTGHT  mSCLKSKiA  RATE  4 
-3/5,1 
-37b.  fi 
-374.9 
-375.1 

- .3  /4 .9 
-360 .? 

-374.9 
-375,1 
-374.9 


ARC  SECONDS/SEDOND 

DECLIA'AriON  DATA 
MEAN  RATE=-397,3 
RAIL  beVIATlON=  2,7 
S I D OE  V = 3.6 

declination  rates 

-39b. 0 
-4Ui!,0 
-390,0 
-402.0 
-396,0 
-402.0 
-396,0 
-396.0 
-396.0 


-3/3  AKC  SECONDS/SECOND 

DECLINATION  DATA 
MEAN  RATe=-372,0 
rate  rjEVIATlON=  3.0 
SJu  UEV=  4.0 
OECLlivATlON  RATES 
- 3bb , 0 
-372,0 
-372,0 
-378.0 
-372.0 
-366,0 
-378,0 
-3  72,0 
-372,0 


COMKANDEO  K-ATL=  -330  AKC  SECONUS/SECOND 
RTbhl  ASLENSION  DATA  DECLINATION  DATA 

■9LAN  RATF  =-348,3  iiEAN  HATE=-346,0 


KATL  ..>Ev/lATlCi\j=  1.7 
STD  DEV=  6.2 
RIGHT  ASCeNSIOH  RAIL 4 
-345.1 
-360,1 
-344.7 
-345.2 
-345.1 
-345.1 
-359,9 
-344.9 
-344.9 


RATE  DEVIA1I0N=  2,0 
STD  D£V=  2,6 
DECLINATION  KATES 
-342,0 
-354,0 
-348.0 

-348.0 

-348.1 

-347.9 

-348.0 

-346,0 

-348,0 
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TABLE  II  (Continued) 

COriMANOLD  kATt=  -3ifb  AKC  SLCONDS/SECONO 


KI^^  Hl  /-'SCEMSIOM  UA  TA 
Mpr.  HATE=-d23.d 
RAIL  UEVlAl ION=  1.7 
STL  nEV=  7.5 
RIGHT  ASCtHSlQlM  RATLis 
-33(3. P 
-31  A. 9 
-3  3(1.1 
-31b. 0 

-330 . 0 
-31b. L 
-330.1 
-31b. 0 


OECLI(\»ATlOlM  DATA 
mean  RATE=-323.3 
RAIL  DEVIATIONS  1.7 
STU  OEV=  3.4 
DECLINATION  RATES 
-330.1 
-3ii4.0 
-317.9 
-324.0 
-324.0 
-324.1 
-324.0 
-323.9 
-3lb.O 


COMMANi'tL)  PArt=  -^00 
Rlt-hl  / SCLIMSI  liM  UA  (A 
/tAl’  pATt=-29b.3 
KATt  ()cVIATIUN=  1.7 
SlU  UEV=  4.7 
hk-mt  /'scLNSioi'i  Rails 
-P99.9 
-299.9 
-224.9 
- -50  0 . 0 
-299.9 
-30(1 .1 
-300 . 0 
-300.2 
-299. ft 


AKC  .SECOioDS/SECONU 

OECLINATIJ(V  DATA 
mean  RATE=-298.7 
RATL  deviations  1.3 
STU  UE»/=  2.5 

ULCLIimATION  RATES 
-300.0 
-300.0 
-294.0 
-300.0 
-300.0 
-300.0 
-294.0 
-300.0 
-300.0 


COPiMANDEU  RATL=  -2/3 
RIGHT  /'SCLNSluN  DATA 
ML  AM  KArE  = -273.3 
RATE  tiEVlATlONs  1.7 
Sr(;  IjKV=  b.3 
RIGHT  ASCENSION  KATES 
-2«b.O 
-270.1 
-269.9 
-269.9 
-2(Jb.2 
-269.9 
-269.9 
-2/(l.l 
-270.1 


AKC  SECONUS/StCOND 

DECLlNATIOIvl  DATA 
mean  KATE=-2/2.7 
rate  deviations  2.3 
STD  UEVs  3.0 
DECLINATION  RATES 
-276.0 
-270.0 
-2/0.0 
-2/6.0 
-270.0 
-2/0,0 
-2/6.0 
-270,0 
-276.1 
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TABLE  II  (Continued) 


C0.-1i'1/\i'i(lt.D  f<ATt=  -iibU 
KII-.HT  /*3CL('JSini\l  DATA 
I'IF.Afv  r(ATt=-iJ‘4b.3 
HATK  iu:\/iAiiorg=  i.7 
STL'  Ufc;\/=  7.4 

UIGHT  ascension  RAILS 
- libb.C 
.1 

-2b4  .y 

-24  U ,? 

-2bb,0 

.9 

-2bb.2 
-^ib4 .0 
-239.9 


ARC  SLCONOS/SECONU 

OECLINAriON  DATA 
-iEAN  HATt  = -247.3 
rate  deviations  2.7 
SrU  DEV=  2.5 

declination  rates 

-246.0 
-2b2.0 
-246,1 
-246.0 
-246,0 
-246.0 
-252,0 
-24fa,  0 
-246.0 


COl^i-lANDLC  EAIL=  -i;2b 
KlSHl  AbCLNSlQN  U/\IA 
RiLAi'l  RATE=-223.4 
^^A1L  llEVIATlUNs  1.6 
STL  DLV=  4.7 
KjLHT  ascensiun  Rates 

-225.2 
-225.0 
-225.0 
-210.2 
-2?b.O 
-224 . 9 

-22n. 0 
-225.1 
-22b. 0 


ARC  SLCONHS/SECOND 

DECLINATION  DATA 
MEAN  pATE=-224,0 

rate  deviations  1.0 

STD  DEVs  2,8 
DECLINATION  RATES 
-222.0 
-228.0 
-222.0 
-222,0 
-227.9 
-222. 1 
-222.0 
-228,0 
-222.0 


COr'iNANijEU  RATL=  -200 
right  ascension  data 
MEAN  KATE=-19tt,3 
RATF  DEVIAIIONs  1.7 
STL  ULVs  b.3 
HIGhI  ascension  RaTLS 
-195.1 
-194,7 
-210.2 
-194,8 
-195.1 
-209.8 
-195.1 
-195.1 
-194, H 


ARC  SECONUS/SECOND 

DECLINATION  DATA 
MEAN  RATEs-198,7 
RATL  deviations  1,3 
SrU  DEVs  1,9 
DECLINATION  RATES 
-198.1 
-197,9 
-198.0 
-198.0 
-198.0 
-204 , 0 
-198.0 
-198,0 
-198,0 


lA 


TABLE  II  (Continued) 


Curir-IANOLU  hAftr  aHC  SECOImDS/SLLONU 

UECLINAriON  DATA 
MEAN  rtATEs-lVd.i 


KIChT  ASLtNSION  OATa 
I“EaN  KA  Tt  =-17  J , i 
KATE  0EV1ATIUN=  1.7 
STD  ilEV=  7.4 
KlGhT  ASCENSION  RATES 
- 1 b b . 0 
- 1 A.  0 . 0 
“ 1 6b . 1 
-1/9.9 
-1/9.6 
- 1 fa  b . 2 

-leo  . G 

-164.9 

- 1 b n . 2 


KATE  deviations  1,7 
STD  OEV=  1.9 
DECLINATION  RATES 
-173.9 
-174.0 
-174,0 
-174.0 
-Ifab.O 
-1/4,0 
-174.0 
-174.0 
-1/4,1 


CG'-'MANDLD  f ATL=  -IbU 
HI  CHI  ascension  UAI  A 
MLAfi  HATE=-lbU.U 
HATE  Ot:VIATIUi\.=  0.0 
Sri>  nF\/=  0.1 

RIGHT  ASce  I'iSlON  RATES 
-iDl)  . 0 
-loO  . 0 
-IbO . 0 
-149, A 
• -ISO, 2 
- 1 b 0 . f) 

- 1 b 0 . (i 
- 1.  b 0 . P 
-IbO.O 


AkC  seconds/secomj 

DECLINATION  DATA 
mean  RATE=-146.0 
RATE  deviations  2,0 
STD  DEV=  2.8 
DECLINATION  KATES 
-IbO.O 
-144.0 
-IbO . 0 
-IbO.O 
-IbO . 0 
-1H4. 0 
-IbO.O 
-IbO.O 
-144.0 


CUi'iMANdED  HATl=  -12b 

RIGhl  ascension  data 
MEAlv  RATE=-12b.O 
HATE  UtV  I AT  IDl\i=  -0.0 
ST  I Ut:\/=  7.0 

RIGHT  ascension  Kails 

-13b. 2 
-119.9 
-120.1 
-134.6 
-120.2 
-119. A 
-120.2 
-134.6 
-120.2 


ARC  SECONdS/SECONU 

DECLINATION  DATA 
mean  RArE=-122,7 

Kate  deviations  2.3 
STD  DEV=  3.0 

declination  rates 
-120 . 0 
-126.0 
-120,0 
-126.0 
-120 . 0 
-126,0 
-120 . 0 
-120.0 
-126.0 
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TABLE  II  (Continued) 


-lUU  arc  SfCOiMOS/StCONU 

DECLINATION  UATA 


COMi'-iANDELD  Rails 
RIGHT  ASLENSinN  UaTA 
i'',fAtv  kate  = -iuo.o 
RATE  .Jt\/IAT1UN=  0*0 
STL  <)L\J-  7.1 

HIbHT  ASCEI'!SI0N  K/'TLS 
-iiio.r 
-iUM  .b 
. 1 

- 1 U b . 0 

- J (JO  . 0 

-b‘J.7 

-lUb.J? 

- Ul  n . 0 
-*^0 . (I 


^EA[^J  RATE=  -99.3 
KATL  deviations  0,7 
STL)  UEV=  3,0 
uECLINATlON  rates 

-9fa.O 
-102. 0 
-96.0 
-102.0 
-102.0 
-9b, 0 
-102,0 
-96,0 


COHHAnHEU  hATt-s  -/b  ARC  SECON[)S/Sf  CONU 


RIGHT  /'SCE'mSK'N  UATA 
HFAf;  HATF-S  -7b.  (I 
RATE  DEVI  ATIOims  -0*0 
STL  DEVS  U.l 
RIGHT  ascension  RATlS 

- /A . 9 
-7b.] 

-7b. 1 
-7b, 0 
-7b, 0 

- 7 b , 0 

- 7 b . t' 

- /b  , U 
-7b. (j 


CO.-ir.ANDEfj  RATES  -bU 
RIGHT  ascension  DATA 
i'':EAN  rates  -bO.O 
PATE  deviations  0*0 
STL  LEVS  1.0 
RTOhl  ASCEmSIoN  RAILS 
-44.9 

-bO . 4 

-4b. 2 

- 4 4 , y 
-4b. 1 

-61) . n 

-4M  .E 
-4b. 2 
-b9.9 


declination  DATA 
RiEAN  rates  -74,0 
rate  deviations  1,0 
STC  DEVS  2,6 
DECLINATION  RATES 

- 7 6 . 0 
-72.0 
-71,9 
-76,0 
-72,0 
-72.0 
-78,0 
-72.0 

- 72.0 


SECONDS/SECOiNIU 

DECLINAIION  DATA 
MEAN  RATES  -46,7 
rate  deviations  1,3 
STD  UEVs  1,9 

declination  rates 

-46.0 
-46.0 
-46,0 
-46,0 
-48.0 
-b4 , U 
-48.0 
-47.9 
-48,0 
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TABLE  II  (Continued) 


CO.^MAhT^LLi  HATL=  -klb 
HlbHl  /-SCtMSKil^  UATA 
l^f  Ah  RATf  = -2b. 0 
KATE  Ot.VlATIUI\i=  -0.0 
Slti  ULV=  7.2 
KlbhT  A.SCtiWSK.N  HAT  Lb 
- 1 M . 8 
-iU  .2 
-.^0 .2 
-m  .9 
-2y  .8 

-.50.2 

-1A.9 

-bo.n 

-00.0 


AKC  SLCOlNinS/SLCOigL) 

DLCLlNAflON  DATA 
ML'MN  KATE=  -2i.b 
KATL  0EVIATI0N=  1.7 
STU  DEV=  1.9 
declination  RATES 
-24.0 
-23.9 
-24.0 
-24.0 
-24.0 
-24.0 
-X8.U 
-24.0 
-24 . 0 


CO’5r*AMLD  EATLr 
RIGHT  /.SClIVSIoim  data 
l''4.Ar,'  f<ATt=  25.0 
WATf  Cfc.VlATlUN=  iJ.U 
STt  ULU-  7.1 
KIhhT  ASLLNSIoN  K/TLb 

14.9 
3 0.2 

3 U . 0 

29.8 
iD.l 
3 J . 0 

29.9 
1 b . 0 

30.2 


; seconus/slcond 

declination  DATA 

mean  RATE=  24.7 
Hate  dlviation=  -0.3 

STD  DEVr  1.9 

declination  rates 

24.0 

24.0 

24.0 

24.0 

30.0 

24.0 

24.0 

24.0 

24 . 0 


Cm‘iE  ANL' ED  l'ATL=  -jO 
RIGHT  /SCLNSlON  DATA 
mean  [<ATE=  50.0 
RATE  DfcVlAT10N=  0.0 
STf’  bt  7.0 
RIGHT  ASCENSION  RATES 

45 . 1 

45.1 

59.6 

45.2 
bO  . 0 

44.6 

45.2 

bO.d 

44.9 


Arc  .slconds/secono 

DECLINATION  DATA 
MEAN  RATEr  49.3 
RATE  D£V1AT10N=  -0.7 
STD  UE\/=  2.5 

DECLINATION  RATES 

48.0 

47.9 
b4. 1 

47.9 

48.0 

48.0 

54.0 

48.0 

48.0 
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TABLE  II  (Continued) 


/b  ARC  StCOKDS/SECONt) 

declination  data 

f-iEAN  RATE=  74.7 
KATt.  deviations  -0,3 
STD  UEV=  3.0 
DECLINATION  RATES 

72.0 
76. U 

72.0 

76.0 

72.0 

76.0 

72.0 

78.0 

72.0 


lOO  arc  StCOMJS/SECOND 

DECLINATION  DATA 

mean  rates  100.0 

RATE  deviations  -0.0 
STD  ULVs  2.8 
DECLINATION  RATES 

yt . 0 

102.0 

102.1 

102.0 

yb.-? 

102.1 

102.0 

yfo.o 

102.0 


i2b  ARC  SECONDS/SECOND 


Cb.-'fiANDLD  KATE  = 
RlNHT  ASCENSION  DaTa 
hATEs  7h,b 
hate  deviations  1,6 
SID  DEVS  4,6 
RIGHT  ASCENSION  HATtiiJ 
Vr^.O 

y 0 . 1 

7b. 0 
7 '4 .6 
7t).l 
7b  , 0 
7b. (I 
74  .P 


CONMANi^ED  KATEr 
RIGHT  /SCENSIC'N  IJAJA 
Ht  Al'i  RATbs  101.7 
r^ATL  DEV  I AT  TONS  1.7 
SIC  DEVS  fa. 3 
RIGHT  ^SCENSloM  RATES 
1 0 n . f I 
1U4 .8 

yo . 1 
lub.n 
1U5.2 
1 0 b . 1 
fay  .7 
10b  .2 
10  5.0 


COhMAl'ir.ED  hATEr 
RIGHT  f.SCENbIt'N  uAIA 
P''t  A^  RATt=  12b.  0 
HATE  UEVI ATiUNs  0.0 
STL  DEVS  7.1 

RioHT  ascensicn  Kates 

120.1 

119.9 
135.2 
iiy  .9 

1 20  . t! 

134 .9 

120.1 

119.9 
13b. 3 


DECLINATION  DATA 
MEAN  rates  I2b.3 
RATE  DEVIATIONS  0.3 
STD  UEVs  3,4 
DECLINATION  RATES 
l«i6.0 

126.0 
liib.O 
l2fo,C 

125.9 
l2fa,  0 

120,0 

132.0 

120.0 
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TABLE  IT,  (Continued) 


COr'.r'iAfvjr't-lJ  iJATt.=  ibU 
dlGHl  /'SCEl'JblOI'J  UA7A 
'•ilLAh  KAie  = IbU.U 
HATt  DL\/IATlUig=  -(1.0 

siL  jev=  U.l 

KIGHT  aSCL‘(JSI(I^  KAItS 

IbO  . 0 
1 b 0 . fi 

1 b n . f) 
lAy 
1 b fj . ? 

Ibd  .C 
1 b(l . 0 


AKC  Sfc.COlMOS/SLLONU 

UECLIMATION  DATA 
MEAN  HiATE=  150.7 
KATt  deviations  0.7 
STU  ULV=  1.9 

declination  rates 

IbU.O 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

I5fa.0 


p/. it  = 

R 1 r-HT  aSCEK'SIc  N (JA  I A 
>11  m(-  kATL=  17b.U 
KMlL  i.lEVlATiUfgs  0.0 
STt  ilEV=  7.1 
A it'hT  / see  l-iSlpN  i t.S 
1 b5 . 1 
1 A.  0 . 0 
liiO  . () 

IbA  .9 

100 . 0 
1 o iJ . P 
lo4 

1 y 0 . 1 

1 f 1 0 . i-' 


CO.-'d'AlM  LU  ('».  1L=  poo 
KJ(_,HT  /.SlENSIOi'1  data 
(“.Eat  KATF=  2 0 0.0 
KAIL  t;LVl/'TU'N=  -C'.O 
STt'  LEV=  7.1 
Kll,hl  /•  SCEIvSlON  K,nLb 
i 9 b . 1 
I9b.0 
£?  1 0 . 2 
194.7 
I 9 o . 2 
209. b 
1 9b  . 0 
21G.0 
194.9 


slconus/second 

DECLINATION  DATA 
mean  KATLs  l7fa.O 
Kate  deviations  i.o 

STD  DEVS  2.8 
DECLINATION  HATES 
1 74.0 
100.0 

174.0 
1 74.0 
ItiO.O 
1 74.0 
1 74 .1 
173.9 
lao.  0 


AKC  SECUNUS/SECONU 

DECLINATION  DATA 
i^EAN  KATEs  199.3 
KmTE  deviations  -0.7 
STU  UEVs  2.5 

ulclination  hates 

190.0 

198.0 

204.0 

198.0 

198.0 
I9d.  0 

204.0 

196.0 

198.0 


1/b  akC 
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TABLE  II  (Continued) 


C(L'‘li'”IAN(:t-li  FAILS  AKC  8LC0(MDS/SLC0(\IU 

HlGril  / SLLlMSlOfx  DATA  DELLlNAIlCN  DATA 

FiEAN  HATE=  225.3 


KATF=  <e25.U 
HA  If.  l)tVlAnUu=  -U.O 
Sll  IIL'V=  0.1 
UKiHT  ASCFijSinlNJ  HA.ILb 
22  4,9 
22li).2 
?2b.C. 

224.9 

224.9 
225.2 
225.  P 

224 .9 

224.9 


HATf  DfVIATIOI\l=  0.3 
STO  DEV=  3.0 
UECLINATIOIM  RATES 

222.0 

22a. 0 

228.0 

222.0 

222.0 

228.0 

222.0 

228.0 

228.0 


ClJ«r:AlM:.iLU  fnlt-s  250 
HtoHl  / .SLLI'jS  led''  data 
r'.fc.AF  kATF=  248.3 
HAU,  LfV/lAllUr4=  -1.7 
8 If  L)F\/=  /.b 

RlbhT  ASCb.I.SiC'lM 
24  0 . (! 

2 ob . 1 
240,1' 

2 bb , 0 
2 54.9 
2^+0 .1 

205.0 

205.0 

239.9 


AKL  StCONDS/SECONU 

UECLllNiAI  luN  DATA 
mean  RATES  250.0 
rate  DEVIATI0N=  -0,0 
STD  UEV=  2.8 
UECLIMATION  rates 

252.0 

246.0 

252.0 

252.1 

252.0 

245.9 

252.0 

246.0 

252.0 


COhr-iAFjOEiJ  RATES  2/3  AKC  SECONUS/SECOND 


RICH  I /SCEfJSir,lM  UATA 
meat  RATt=  275.0 
rate  uEVI/'.TTONs  0.0 
SID  LEVS  7.0 
RIGHT  ASCEfiSK  l4  KaTES 
2/0.1 
i'bb  , 8 

285.1 
27(1.1 
284  .A 

27  0.1 

270.1 
2 84.8 

270.2 


DECHImATION  data 
mean  rates  275.3 
KATE  UEVlAlIOIMs  0,3 
STD  DEVS  1.9 
UELLINATION  RATES 
2/6.0 

276,0 

276.0 

270.0 
2/5.9 

276.1 

276,0 

275.9 

2/6,1 
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TABLE  II  (Continued) 


3UU  AHC  SLCOMTS/SECOMJ 

DECLINATION  DATA 
iIEAN  KArE=  300.7 


COPI^AlvuLU  f«ATL  = 
Hlf.hT  AbCe.iiSION  iJ/'TA 
riLAN  k^AlE=  3 0 0,(1 
wATt.  I)LVIATIOn=  -U.O 
STl  r'EV=  lO.l 
HI  ,hl  ASCtt'SION  KATEb 

o (HI . 

3 1 D . 1 

. 6 

3 1 b . 

?M4  , V 
? ■:> 

<(!().? 


KATt  DEVIATIUN=  0.7 
STO  OEV=  3.4 

declination  rates 

300.0 

300.0 
3 0 b . 1 
2^4,0 

306.0 

300.0 

300.0 

300.0 

300.0 


C OrA‘'i  AN*  )EtJ  H A 1 1 — 3^:3 

HllH'1  /.SClNSKiN  UAI/a 
MtAr  HA1(=  323.3 
RATt  tlEvlATlOlM=  -1.7 
STl  iJLV=  7.4 
HHhT  ASChP:Sl(OM  KAltb 
3 1 ] 

330.1 

329.9 
3 1 b . (' 

3 3C.(: 

3 1 b . 0 
-'30 . i; 

3 3 0.0 

314.9 


AaC  secunds/second 

cecliimatidn  data 

mean  KATE=  326,0 
hate  UEViATiON=  1.0 
blD  UEV=  2.8 
declination  rates 

324.0 

324 . 0 

324 . 0 

330 . 0 

324.0 

324 . 0 

330.1 

324.0 

330.0 


Ll'i- ''■iANPED  (-ATL=  3b0 
HIGH!  ASCEfJSlC.IM  DATA 
i^EaI'  H0TI=  3bO,U 
R/iTE  DEvylAl  1 U(M=  (' . 0 
bTL-  1L\;=  7.1 

lUOHT  ASCENSION  HATE^ 

3 6 0.2 
34b,  1 
344.4 
3b4 .9 
34b. 2 
34  4. 9 
3el)  .2 
344,7 
34b.  1 


ARC  SECOMDS/SECONU 

declination  data 

mean  RATE=  350.7 
rate  DtVlATlON=  0.7 
STD  DEV=  3.0 
DECEIIMMTIUN  rates 

348.0 

348 . 0 

354.0 

354 . 0 

348.0 

354 . 0 

348.0 

354.0 

348.0 
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TABLE  II  (Continued) 


CijnMAfjhLu  f-A7l-=  i/3  ARC  SECONDS/StCONlJ 


KI(-.HT  / SCL.jSlt  I''  LjATa 
i«iLAK  .<ATL=  57  i.  3 
KAIL  DLVIAriUK'S  -1.7 
bTC'  i)EV=  *+.7 
RlGhl  *SCEi!SlOI''  KfiTEi 

3 /b.n 
3 7 n . Li 
37b.  1 
374 
3 7b.  [i 
3 /b.  0 
* /b.  J 
3 7 b . (! 


OtCLlWATICN  DATA 
.''lEAN  RATE=  374,7 
rate  UEVIATI0IM=  -0.3 
STU  UEV=  3.0 
UECLINATION  HATES 
372.  U 
37a,  (; 

3/2.0 

372.0 
3 / a , 0 
37b.  0 

372.0 
3/2.0 

378.1 


CORNArinLU  HATt=  hOO  arc  SECUivDb/SECOhU 
HH.hl  / SCtriSlnLJ  UAlA 
rEAl.  fvAlK=  400.0 
KAU  I'LVI  AT10ivI=  -0.0 
STI  bF.V=  7.0 


HIGH!  /SCENSION  K/  lLtl 
404.9 
4 0 4.9 

390.1 
‘+04,9 
39(1 . 1 
4 04 .9 
4 0 4.9 
9 u . 2 
4 u b . 0 


ELCLIIVIATION  DATA 
(3tAN  RATL=  400.0 
HATL  0EVXATI0N=  -0.0 
STU  UEV=  2.8 

UECLiNA now  hates 

402.0 

402.0 

402.0 

396.0 

402.0 
39b. 0 

402.0 

396.0 

402.0 
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TABLE  III 


OBSERVATION  TIME 

TELESCOPE  SCAN  PATTERN  PERFORMANCE 

RIGHT  ASCENSION 

DECLINATION 

259:03:07:01-14 

22:18:22.99 

-04:26.40 

259:03:07:15 

22:18:39.01 

-02:14.10 

259:03:07:16 

22:18:40.99 

-01:22.50 

259:03:07:17-28 

22:19:42.99 

-01:20.40 

259:03:07:29 

22:19:42.99 

01:00.30 

259:03:07:30 

22:20:09.98 

02:21.30 

259:03:07:31-42 

22:20:11.02 

02:23.60 

259:03:07:43 

22:20:11.02 

04:45.60 

259:03:07:44 

22:20:29.01 

06:05.99 

259:03:07:45-56 

22:20:29.01 

06:08.10 

259:03:07:57 

22:20:29.01 

08:29.10 

259:03:07:58 

22:20:45.00 

09:50.70 

259:03:07:59-08:10 

22:20:45.00 

09:52.90 

(proceeding  to  new 

scan  line) 

259:03:08:11 

22:14:09.99 

07:32.10 

259:03:08:12 

22:08:52.99 

03:34.10 

259:03:08:13 

22:08:52.99 

-00:23.60 

259:03:08:14 

22:07:46.97 

-03:39.10 

259:03:08:15 

22:04:39.02 

-04:21.40 

259:03:08:16-28 

22:04:06.00 

-04:26.90 

259:03:08:29 

22:03:55.00 

-02:14.20 

259:03:08:30 

22:03:04.02 

-01:23.20 

259:03:08:31-42 

22:03:02.99 

-01:20.90 

259:03:08:43 

22:03:02.99 

01:00.30 

259:03:08:44 

22:02:54.99 

02:21.00 

259:03:08:45-56 

22:02:54.02 

02:23.40 

259:03:08:57 

22:02:54.02 

04:46.20 

259:03:08:58 

22:02:59.98 

06:05.90 

259:03:08:59-09:10 

22:03:01.03 

06:08.00 

259:03:09:11 

22:03:01.03 

08: 30.49 

259:03:09:12 

22:03:11.02 

09:50.70 

259:03:09:13-24 

22:03:12.00 

09:52.80 
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